For 14 days 83 healthy Caucasian male university students, 18 to 26 years of age and 58 to 104 kg body weight consumed daily either an essen tially protein-free diet (44 subjects) or one supplying 0.1 g egg protein per kilo gram body weight (39 subjects). Body cell mass (BCM) was calculated from whole body 4Â°K in 37 randomly chosen subjects. Urine was analyzed daily for nitrogen (N) and creatinine; fecal N was measured on pooled samples. Urinary N output reached a steady state between days 3 and 8 for all subjects; the average for days 10 to 14 was taken as the measure of obligatory urinary N loss. Mean urine and fecal N losses were not significantly different for the two diet groups and the data were combined for overall analysis. Obligatory urinary N was nor mally distributed, averaging 37.2 Â±5.5 mg N/kilogram body weight, 76.8 Â±12.5 mg N/kilogram BCM, 1.8 Â±0.30 mg N/basal kilocalorie. Obligatory fecal N was 9 Â±2 mg N/kg body weight, amounting to 20% of the total obligatory N loss. Although statistically significant correlations were found between obligatory urinary N and body weight, BCM, basal metabolic rate, and creatinine, they accounted for little of the variation in daily loss among individuals. Four subjects were restudied after a 3-year interval; obligatory urinary N loss per kilogram body weight did not differ significantly between the two periods.
tion in arriving at these recommendations SÃ"^S'^Ã" SÃ" A.R1' that of Young and Scrimshaw (12) on 11 young men, Galloway and Margen (13) on 13 young men, and Gopalan and Narasinga Rao (14) on four undernourished but otherwise healthy men in India.
Since the available direct data were in adequate to assess mean values and the extent of individual variation, the 1965 FAO/WHO Committee (1) turned to the review of Smuts (15) which proposed a value of 2 mg N per basal kilocalorie for the relationship between basal metabolic rate (BMR) and obligatory urinary N based on data from five mammalian spe cies. By adopting this value for calcula tion of human obligatory urinary N loss in the factorial equation, it developed esti mates for the protein requirements at all ages and physiological states from avail able data on BMR. Moreover, the coeffi cient of variation of 10% accepted for BMR (16) was applied to the presumed variation in obligatory urinary N losses. The fact that the data on human subjects (7, 9, 10) fell below the regression line derived from the other species was merely noted. No quantitative justification was given for further application of the 10% coefficient of variation figure to the sum of the various obligatory N losses.
In view of the importance of accurate knowledge of human protein requirements and the increasing use of the factorial ap proach to estimate them, there is a need for data on the obligatory N losses in a large enough number of subjects to give an accurate estimate of the mean and standard deviation for various populations and to determine whether these vary in different parts of the world. The present study makes available information for 83 young adult male university students of North American or European origin.
EXPERIMENTAL
Subjects. The subjects were Caucasian male MIT undergraduate and graduate students ranging from 18 to 26 years of age, who were free of any abnormality de tectable by careful medical history, physi cal examination, hematocrit and hemo globin determinations and measurement of serum glutamic-oxaloacetic acid transaminase as an indicator of liver function. The subjects continued their usual activi ties but did not participate in competitive sports during the study.
The initial physical and metabolic char acteristics of the subjects are given in table 1. The first group entered the study in August 1966 and the last was completed during July 1967.
The subjects were paid and also sin cerely interested in the objectives of the study. In prior pilot studies with similar individuals given essentially protein-free diets for up to 21 days, we were unable to detect any measurable changes in CNS function as judged by flicker fusion, reac tion time, estimated timed interval and mood scale tests.
Diet. All subjects received a diet which, on the basis of a diet history, provided ade quate calories. The diet consumed by the first 39 subjects of the study supplied about 0.1 g of egg protein per kilogram body weight (15.2 mg N per kg per day) while the remaining subjects consumed a diet that was essentially protein-free (6.7 mg N per kg per day). both diets is given in table 2. Supple ments of folie acid, vitamin E, zinc and magnesium were not included in the ex perimental diet. Even without specific sup plementation, it seems unlikely that the healthy well-nourished subjects would have been significantly depleted during the rela tively short experimental period. A cus tomary fluid intake was determined for each individual, and then controlled at this level throughout the study. Since the urinary data (mg N per kg or g N per gram creatinine) and fecal N from the two groups were not significantly different when compared by either the paired t test or by analysis of variance (P > 0.1), they have been combined in the overall analy sis. Hereafter, we refer to the diet for all subjects as a minimal protein diet.
Methods and experimental design. The first 39 of these 83 subjects consumed the experimental diet for 16 days. Since satis factory stabilization of urinary N excre tion began as early as day 3 and never later than day 8, the duration of the study for the other 44 individuals was shortened to 14 days and conclusions were based on the 5-day period from day 10 through day 14. Complete 24-hour urine collections were obtained for each day of the study but were generally not analyzed for the first 3 days.
Fecal samples were pooled for 4-or 8-day periods and identified by the use of autoclaved carmine or brilliant blue markers (17) . For 37 subjects, randomly selected from the total, BCM was estimated by measurement of whole body K (12), on 2 consecutive days at the beginning and again on the last 2 days of the study, and the average values were used.
Basal metabolism was determined by in direct calorimetry, with a Benedict-Roth respirometer, at the beginning and end of the experimental period. Subjects spent the night in the MIT Clinical Research Center so that BMR could be measured the follow ing morning. Nitrogen and creatinine were determined in urine and N alone in feces and diet aliquots as previously described (12) . Figure 1 shows the change in urinary N output with respect to time for the 83 subjects. A stable level of urinary N excre tion was achieved between days 3 and 8 for all individuals. The daily urinary N and creatinine excretions for days 10 through 14 (table 3) showed no statistically sig nificant differences (P > 0.5) and there fore, the N excretion for each subject dur ing this 5-day period was used for further evaluation of obligatory urinary N loss. These values are summarized in table 4. Also summarized in this table are the uri nary, fecal and the sum of the urinary and fecal N outputs, expressed in a num ber of ways.
RESULTS
Urinary N output was 2.69 Â±0.48 g, the variance being 18% of the mean. The co efficient of variance was essentially the same when urinary N was expressed per basal kilocalorie and slightly smaller when urinary N excretion was expressed either per gram of creatinine output or per kilo gram of body weight. The cumulative dis tribution of urinary N per body weight (mg N/kg) is shown on a normal prob ability plot in figure 2. These data indicate that this parameter of N metabolism was normally distributed.
Fecal N excretion amounted to 0.63 Â± 0.15 g per day, with a variance of 24% of the mean. The variance was similar for the other expressions of obligatory fecal N loss (table 4) . For total N excretion, the mean daily output during days 10 to 14 was 3.33 Â±0.54 g per day or 46 Â±6 mg/ kilogram body weight. The coefficient of variance for the combined urinary and fecal N loss per day was 16% and per kilogram body weight per day it was 13% .
The correlations between the obligatory N losses and body weight, BMR and cre atinine excretion are summarized in table 5. Obligatory urinary excretion was sig nificantly correlated (P < 0.01) with body weight (r = 0.56), creatinine (r = 0.61) and BMR (r = 0.49); fecal N correlated with body weight (r = 0.35) and creati nine output (r = 0.36). Fig. 2 A normal probability plot of obliga tory urinary nitrogen excretion (mg N/kg body weight) for 83 young adult male subjects. The observed values (â€¢) were derived from days 10 to 14 of the experimental period. Estimates of five highest and lowest percentiles are also in dicated (x).
Although the dietary caloric intake, as calculated from a diet history, was suffi cient to meet the individual's daily energy expenditure, the subjects lost an average of 0.9 kg body weight (P<0.01) during the 2-week experimental period (table 6) . This weight loss was paralleled by a mean decrease of 4 g (P < 0.01) in total body K, as determined by the total body *Â°K changes.4 This corresponds to the expected weight loss, if the observed K loss was due only to a change in BCM (18) . This cor respondence between the estimated and actual loss of BCM further supports the theory that the observed weight loss was due to the grossly inadequate level of pro- tein intake and not the result of an insuffi cient caloric intake. BMR did not change during the experimental period (table 6). Figure 2 confirms the normal distribu tion for the obligatory urinary N loss in young adult male subjects, and table 3 in dicates that the daily variation of each in dividual is similar to the variation in oblig atory urinary N loss for the population as a whole. This raised the question of how characteristic the mean obligatory urinary N loss is for an individual over time. To help answer it, we located four of the sub jects for restudy after a 3-year interval.
The comparative values obtained during the 1966-67 study and 3 years later are summarized in table 7.
Two of the subjects had gained approxi mately 5 and 7 kg of body weight and this was reflected in significantly (P<0.05) higher creatinine output, but not a higher BCM as estimated by 40Kmeasurement. In each case, the mean urinary N losses per kilogram body weight were not signifi cantly (P > 0.05) different for the two periods; however, the individual who gained the most weight during the 3-year interval showed the largest difference. Al though between the two periods the mean values of fecal N losses varied more than those for urinary N loss, we consider this due mainly to problems inherent in the use of fecal markers and in the sampling of feces rather than to actual biological variations.
DISCUSSION
Previous studies (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) have presented data for relatively few individuals, usually under the confining and protective condi tions of the metabolic ward. In the present study the number of individuals is large and the subjects were exposed to the ordinary activities and stresses of everyday living. The only major restriction on the subjects other than the experimental diet was an obligation to refrain from competitive athletics or other unusual activities. The results should, therefore, be applicable to an ordinary healthy population and may also reflect variation due to stress from clinically unrecognized episodes of anxiety, frustration or infection. Two individuals who developed clinically evident and mod erately severe upper respiratory infections did show a significant increase in urinary N excretion during the acute episode and were excluded from the present tabu lations.
Our own previously published data (12) on obligatory urinary N losses from 11 in dividuals living in a metabolic ward with no academic or other responsibilities at the time gave a coefficient of variation of N excretion per kilogram body weight of 10% compared with 15% in the present study. The data obtained on 13 similar subjects by Galloway and Margen (13) give almost identical mean values and coefficients of variation for obligatory N losses as ob served with the present 83 subjects.
Our data on whole body K gave an esti mate of BCM, and the methods of under water weighing and 3H2O dilution were used by Galloway and Margen to measure lean body mass. These two indicators of body composition are closely related and in both studies they were found to be cor related with N excretion (P < 0.05 in the present study). However, the latter au thors, with a small sample and narrow range of body weight, found no significant correlation between obligatory urinary N loss and total body weight. In the present study, with a relatively large sample and a somewhat greater body weight range than for Galloway and Mar gen's subjects (13), the correlation coefficient for urinary nitrogen on body weight was statistically significant but small and relatively unimportant in ex plaining the variance in obligatory N loss of young adults. Clearly, within the range of age, body composition and body size characteristic of studies with healthy male university students, metabolic differences are more important than size differences in accounting for variation in obligatory N losses and protein requirements. For our population, the variation in body weight accounted for about 30% of the variation in urinary N excretion. When we expressed obligatory urinary N on a body weight basis, the coefficient of variation was re duced from 18 to 15% .
Mean obligatory urinary N output per basal kilocalorie was 1.8 (mg N/kcal) in the present study and 1.4 in that of Gallo way and Margen (13) . Previous workers (4, 8, 9) have also reported values for obligatory urinary N loss which are within this range, and all below the 2 mg N per basal kilocalorie assumed by the 1965 FAO/WHO Committee in their estimation of obligatory N losses in adult man (1) . Furthermore, the coefficient of variation is greater when urinary N loss is expressed in this manner than on a body weight basis. This is related, in part, to the greater difficulties involved in assessing BMR than body weight. In addition, body weight was measured daily whereas BMR was mea sured only twice, at the beginning and at the end of the study. These results do not support the use of BMR as the reference base for describing obligatory urinary N losses in adult man. Since Fomon et al. (19) report a value of 0.6 to 0.8 mg of N per basal kilocalorie for infants, and 0.9 to 1.4 for 3-to 4-year-old children, it would further appear that extrapolation of adult values for urinary N per basal kilocalorie to children is wholly unjustified.
The mean obligatory fecal N loss of 9 mg N per kilogram body weight measured in the present study is not only less than half of that assumed by the 1965 FAO/ WHO Committee on the basis of the then available data, but is also less than the 11 to 14 mg N value reported by others * (6, 7, 13) . This figure can be assumed to vary with the nature of the experimental diet, with pathological changes in gastrointes tinal function resulting from chronic mal nutrition, and with acute or chronic infec tion including the presence of intestinal parasites. A possible explanation for the lower value observed in our study com pared with studies with similar subjects also free of disease and malnutrition is the relatively low crude fiber content (less than 8 g crude fiber per day) of our ex perimental diet. This explanation does not appear to account for the difference between our results and those of Galloway and Margen (13), because their diet was also low in crude fiber content. Obligatory fecal N losses may be expected to be higher in most populations of developing countries where morphologic and functional changes in the gastrointestinal tract are common (20) .
The present study was conducted pri marily to provide a more reliable estimate of the mean and variation of obligatory urinary and fecal N losses in healthy young adult men. It was undertaken spe cifically because these losses formed the basis of the factorial approach used by the 1965 FAO/WHO Committee (1) and more recently by the U. S. Food and Nutrition Board (2) to assess the minimum physio logical requirement for N in man. An important question, unanswered by the present study, is whether these losses repre sent the minimum physiological needs for total N and the individual essential amino acids.
The use of obligatory N loss has been criticized by Holmes (21) as a basis for estimating the protein requirements of man because the data of Deuel et al. (5) indicate that urinary N output is not stabil ized during a 30-day protein-free period. For their single subject, it was clearly im possible to select an acceptable figure for obligatory urinary N loss, but his energy intake was grossly inadequate. The pres- by on September 29, 2009 jn.nutrition.org ent studies rule out this particular objec tion by Holmes (21) by showing that a stable rate of urinary N output is achieved in 3 to 8 days if an adequate energy intake is provided.
A more important reservation is the ex tent to which total obligatory N loss, as well as its variability among individuals, predicts minimum physiological needs for high quality protein in adult subjects. The variability in the total obligatory N loss ob served with our 83 subjects is substantially lower than the range of variation in the requirements reported for the individual amino acids (22, 23) or for maintenance of N balance (13) in adults.
The results of Hegsted et al. (24) and of Bricker et al. (10) have been used to sup port the view that total obligatory N losses are equivalent to the minimum physiolog ical need for dietary nitrogen. Miller and Payne (25) believe that estimates of mini mum N needs based on the factorial method are adequate for maintaining N balance over short periods and good health over long periods. It is known, however, that body protein metabolism is sensitive to changes in amino acid and protein in take (cf. 26). When the dietary amino acid supply is inadequate, the endogenous amino acids, released during tissue protein breakdown, are more extensively reutilized (27, 28) for protein synthesis, and their rate of catabolism is reduced (29, 30) .
The net effect of these metabolic changes is a relative conservation of en dogenous amino acids when protein intake is significantly suboptimal. Therefore, if these metabolic changes lead to a more effective conservation and utilization of amino acids at a very low intake of N as compared with an intake approaching that sufficient to maintain N balance, it follows that the summated obligatory N losses would underestimate the actual minimum physiological N needs. Galloway and Margen (13) and Inoue et al. 8 have re cently reported that the minimum amount of egg protein N required to maintain N balance in adult male subjects is signifi cantly greater than that predicted from the summated obligatory N loss. We have com pleted studies which support this general conclusion.
It is pertinent to ask whether the results obtained with university students of Cauca sian origin apply equaDy to population groups of differing racial origins and nu tritional backgrounds. The data of Huang et al. (32) suggest that obligatory urinary N losses of healthy university students of Oriental origin in either the U. S. or Taiwan tend to be significantly less than those found in the present study.
